birds, using an intestinal IEL cDNA microarray, the differential dynamics of gene expression in the gut of M5.1 and M15.2 chickens following experimental coccidiosis were evident. In particular, the genes encoding lymphotactin and parathymosin were expressed at significantly higher levels in M5.1 compared with M15.2 line chickens. In conclusion, genetic determinants within the chicken major histocompatibility complex (MHC) B complex influence resistance to E. maxima infection by controlling the local and systemic expression of immune-related cytokine and chemokine genes.
INTRODUCTION
Conventional disease control strategies against avian coccidiosis rely on prophylactic chemotherapy and vaccination, but both methods have serious drawbacks [1] . Genetic selection of disease resistant broiler lines offers an alternative to achieve this goal that may ultimately lead to the elimination ofdrugs in commercial poultry production.
The Fayoumi breed, which originated in Egypt, was imported to the United States in 1954 primarily because of its reported resistance to the avian leukosis. Subsequently, it was shown to develop a robust protective response against E. tenella [2] . Derived from the original Fayoumi breed, the M5.1 and Ml 5.2 congenic pair of lines share an identical genetic background and differ only in the microchromosome bearing the major histocompatibility complex (MHC). Lines M5.1 and M15.2 are highly inbred, each with an inbreeding coefficient of 0.99, and are genetically distant from the broiler and Leghorn lines [3] . The present study was conducted to determine whether or not the major histocompatibility complex (MHC) B complex haplotypes expressed by M5.1 and M15.2 chickens influence protective immunity to avian coccidiosis, and to compare the expression of genes encoding immune-related molecules in the two lines. Additionally, comparative microarray analysis between two lines was performed to assess their systematic gene expression profile in the gut following E. maxima infection.
MATERIALS AND METHODS

Birds and experimental Eimera infection
Chicks were bred and maintained in the Poultry Genetics Program at Iowa State University (Ames, IA). B complex genotypes were confirmed by serological testing. Chickens (5/group) were orally inoculated at 3 weeks of age with 1.0 x 10 sporulated oocysts/chicken of E. maxima. Faecal oocyst numbers between days 6 to 9 post-infection and body weight gain between days 0 and 9 post-infection were determined as previously described [ 4, 5 ] . All experiments were approved by the Animal and Natural Resources Institute IACUC. Fig. 2) . (Tables 2 and 3 ). In the spleen, the levels of IFNG, IL 10, IL 12, and 1L15 mRNAs were decreased, particularly at day 3 in the M15.2 line, while the levels of these transcripts were relatively constant in MS. 1.
p RESULTS
Assessment of disease parameters
Immune-related gene expression
The levels of LITAF transcripts were relatively unchanged in both M5.1 and M15.2 in IELs, but significantly decreased in splenocytes of M15.2 at days 3-5 compared with controls (Table 3) . Similarly, NKL expression was downregulated in both chicken lines in spleen cells following E. maxima infection. By contrast, mRNAs encoding TNFSF15 were higher in IELs and splenocytes from both lines. Zt It
LU LU LU LU LU LU LU LU LU LU LU LU LU LU
LU LU V V t t-N © V 0 0 r-0' 00 © © -'.0 00 N en NJ.-'.0 C C 000' NJ '.0 N 00 If t en en r en r-'.0 00 t r C 00 t-0' '.0 '.0 If "C '.0
LU LU LU LU LU LU LU LU LU LU LU LU LU LU LU LU
© r-00 00 1(1 N 00 N N 00 0' en -00 00 
NJ -
NJ-
II en 0000 en C 00-NJ '. N --I -----N en -
© -© 00 II If -N 0' r N en 00 C -en © - NJ "C 0 0 0 V'I en• S en 0 V 5 - o\ en 00 -'.0 en I/ - - -a - -- -- .- -- 0 0 0 0 0 0 C C 0 C C C O - - - 0 - - 0 0 U en - U en -, U en 'et' U en -Ir - NJ - NJ C II C LU 01 C) E 0) U U Cl 01 lu •'i 0) U 0 E C I) U C C 0) •0 C LU C C •0 C 0) C C U N .0 F- .0 F- 0 0) 0) E 0 C 0.) > tT C
LLLJ.
N C -- 
H
Microarray analysis
The AVIELA microarray was used to compare the transcript levels in intestinal IELs of M5.1 and M15.2 line chickens from uninfected and E. maxima infected birds. When compared to uninfected controls and using a cut-off of> 2.0-fold alteration, M5.1 demonstrated altered expression of 1 (downregulated), 12 (6 upregulated, 6 downregulated), and 18 (5 upregulated, 13 downregulated) mRNAs at 3, 4, and 5 days post-infection respectively. In the case of the M15.2 line, altered expression was observed in 6(3 upregulated, 3 downregulated), 29(11 upregulated, 18 downregulated), and 32(8 upregulated, 24 downregulated) transcripts at the three time points compared with uninfected controls. Comparison between infected MS.! and M15.2 chickens revealed alterations in 32 (22 upregulated, 10 downregulated), 98 (55 upregulated, 43 downregulated), and 92 (59 upregulated, 33 downregulated) mRNAs at the 3 time points. Interestingly, of the genes with known chromosomal locations, the largest number of elements exhibiting > 2.0-fold altered expression levels between M5.1 and Ml 5.2 were located on chromosome 1. Two genes were selected to illustrate the kinetics of their corresponding transcript levels following E. maxima infection. Lymphotactin, a chemokine produced by activated CD8 I cells, NK cells, and y6 T cells, was upregulated> 2.0-fold at days 4 and 5 in MS.!, but not in 15.2 chickens (Fig. 3) . In contrast, parathymosin, a small nuclear acidic protein ofunknown function, was downregulated at days 4 and 5 in M15.2, but not in 5.1 chickens (Fig. 4) . 
DISCUSSION
The results of body weight gain and faecal parasite numbers during experimental E. maxima infection suggest that N15.1 chickens are more disease-resistant compared with the M15.2 line. Analysis of various immune-related molecules in the gut and spleen indicated that the enhanced resistance of MS.! over Ml 5.2 may be explained, in part, by their differential patterns ofexpression. Transcripts forthe proinflammatory cytokines IL1B and 1L6 were significantly upregulated in intestinal IELs of M5.1 chickens at 3 days post-infection, compared with Ml5.2 chickens. It is tempting to speculate that differential expression of IL lB and JL6 in MS.! vs. Ml 5.2 birds may underlie, to a large degree, their difference in susceptibility to E. maxima infection. The early robust 1L8 response in MS.1 may confer the ability of this strain to limit Eimeria infection in the gut, while the belated response in Ml5.2 may be too late to counteract parasite dissemination and intestinal destruction.
ILIO exerts inhibitory effects on proinflammatory cytokines as exemplified by the fact that chicken IFNG and 1L12 were downregulated following expression of IL1O [9, 10] . The kinetics of IFNG and ILIO expression were identical both in IELs and spleen cells of E. maxima infected chickens, suggesting that IFNG expression was not affected by ILJO levels. iNOS expression was reported to be induced by JFNG in chicken macrophages and was highly upregulated during experimental E. tenella infection [11] . The temporal patterns of iNOS and IFNG expression were identical in M5.1 and M15.2 IELs, i.e. biphasic responses with maximum levels at 3 or 4 days following parasite infection.
In conclusion, early and high expression of pro-inflammatory cytokine and 
